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Foreword 
The present report aims to provide a comprehensive picture of the pandemic situation of COVID-19 in the 
EU countries, and to be able to foresee the situation in the next coming days. We provide some figures and 
tables with several indexes and indicators as well as an Analysis section that discusses a specific topic related 
with the pandemic. 
As for the predictions, we employ an empirical model, verified with the evolution of the number of confirmed 
cases in previous countries where the epidemic is close to conclude, including all provinces of China. The 
model does not pretend to interpret the causes of the evolution of the cases but to permit the evaluation of 
the quality of control measures made in each state and a short-term prediction of trends. Note, however, 
that the effects of the measures’ control that start on a given day are not observed until approximately 7-14 
days later. 
We show an individual report with 8 graphs and a summary table with the main indicators for different 
countries and regions. We are adjusting the model to countries and regions with at least 4 days with more 
than 100 confirmed cases and a current load over 200 cases. 
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Situation and highlights 
Global situation 
As the WHO has stated, the growth of cases in 
Europe is worrying. We currently have around 
35,000 new cases a day, and there is still no 
sign of improvement. Certainly, the situation 
cannot be compared to March and April where 
mostly only serious and very serious cases 
were diagnosed. However, if the incidence 
continues to grow, we will again experience 
situations of hospital collapse, such as the one 
that is approaching the metropolitan region of 
Madrid. There are also positive news: the 
evolution in some countries like Italy shows 
that the second wave can be delayed or 
stopped, and the evolution in metropolitan 
areas like Barcelona shows that, even in very 
dense and populated areas, the second wave 
can get slowed down. Nevertheless, we must 
insist on maintaing efforts and control 
measures over time because growth is very 
fast and the incidence decrease is very slow 
and costly. 
There is also a collateral matter of concern, 
whose growth must be prevented: the number 
of individuals and groups that deny the 
existence of the epidemic and the virus is 
increasing, as well as the currents that talk 
about plans to control humanity or that point 
to 5G as the cause of the pandemic, among 
others. It may seem like an anecdote, but it is not. In a serious situation like the current one, the need for an 
increase of the scientific culture of the population is more necessary than ever. Measures to control the 
pandemic should include communication programs to bring reality closer to the population. Effective 
communication to increase population awarenes is essential, since the control of the pandemic requires the 
active participation of all sectors and citizens. 
Highlights 
• Spain (290), France (177), Czech Republic (165), Luxembourg (127) and Malta (142) are above the 
100 cases per 100,000 inh. last 14 days.  
• Only Croatia remains with a ρ7 below 0.9, while Italy and Bulgaria are between 0.95 and 1. Remaining 
countries report an empiric reproduction number greater than 1, thus reflecting the generalized 
growth in most countries. 
• The number of countries at high risk (EPG>100) has increased up to nine (Spain 308, Czech Republic 
284, France 203, Luxembourg 152, Hungary 149, Austria 136, Netherlands 122, Denmark 122, 




Situation and trends per country 
Maps of current situation in EU countries. Colour scale is indicated in each legend. 
• Cumulative incidence: total number of reported cases per 100,000 inhabitants 
• A14: Cumulative incidence last 14 days per 100,000 inhabitants (active cases) 
• ρ7: Empiric reproduction number  
• EPG: Effective Potential Growth (𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐴𝐴14 · 𝜌𝜌7) 
 







Table of current situation in EU countries. Colour scale is indicated in each legend. 
 
(1) ρ7 is the average of 7 consecutive ρ, but can still fluctuate. (2) EPG stands for Effective Growth Potential, which is the 
product of reported cumulative incidence of last 14 days per 105 inhabitants by ρ7 (empiric reproduction number). 





Situation and trends in some European regions1 
Table of current situation in Spain regions. Colour scale is indicated in each legend. 
Cumulative incidence A14 
ρ7 EPG 











 (1) ρ7 is the average of 7 consecutive ρ, but can still fluctuate. (2) EPG stands for Effective Growth Potential, which is the 
product of reported cumulative incidence of last 14 days per 105 inhabitants by ρ7 (empiric reproduction number). 











(1) ρ7 is the average of 7 consecutive ρ, but can still fluctuate. (2) EPG stands for Effective Growth Potential, which is the 
product of reported cumulative incidence of last 14 days per 105 inhabitants by ρ7 (empiric reproduction number). 







Analysis: On social distance, physical distance and equivalent physical distance. 
One of the measures to combat the spread of covid-19 is to keep a distance of more than 1.5-2 m with other 
people. The evidences that most infections happen at short range is large, with no infection so far 
conclusively associated at more than 5 m from the infected person. There is no evidence of workers sharing 
large offices or airplane/train passengers more than 5 m apart getting infected. So far, the evidence points 
to, except for infection for fomites, infections happening almost exclusively within 4 meters.  
Physical vs social distance 
In different contexts, the term "social distance" is used. Nevertheless, this is often replaced by the expression 
"physical distance", since this is the real frame we are talking about. We relate social proximity to friendship, 
family, classmates, etc. Yet, these concepts lead us to analyze some implications related to the spread of the 
pandemic. 
Let us use the example of a classroom in a primary school to think about certain concepts. Let us consider 
a child with covid-19, asymptomatic, with the ability to transmit the virus. If this child has a classmate nearby 
we can talk about a certain probability of transmission. If there are two classmates near the infected child, 
the probability of someone getting infected may be twice as high. Nevertheless, it does not seem reasonable 
to think that if there are 25 children in the classroom, the probability of someone becoming infected is 24 
times higher than that of a single child. It does not seem reasonable because children, like adults, relate 
more to a particular group than to other mates in the classroom. There are children who have a couple of 
friends and interactions with others are reduced to the minimum that work at school requires. There are 
others who are authentic public relations and relate to almost the whole group, and even quite a few children 
from other classes. From this perspective, whether we think of adults or children, it makes sense to talk about 
physical distance and social distance. Moreover, since we should try to reduce social relations as much as 
possible when the epidemiological situation is worrying, it is also appropriate to increase the social distance. 
 
Equivalent physical distance 
The primary education group has allowed us to show that the concept of physical distance should be able to 
be turned into a slightly more abstract concept such as "equivalent physical distance". 1.5 m outdoors is not 
the same as 1.5 m inside a poorly ventilated room, and the kind of interaction between different persons at 
a fixed distance may also determine the level of risk. The evidence points also that a distance of 3 m in a bar 
terrace is different than in a singing choir. Probably, in both we expel a large number of particles through 
mouth and noise, but there have been no cases reported in the literature of people 3 m getting infected in 
any open environment while there have been plenty in close, not properly ventilated situations. In a subway 
car from the 1980s when there was no air management system, maybe two people within 2-4 meters could 
easily share viruses. It would be interesting to be able to collect experimental information to be able to 
quantify this magnitude, equivalent physical distance. If we could quantify it at some point we would define 
equivalent physical distance as the distance at which the probability of infecting another person is the 





Figure 1. Schematics of the type of information we would like to have. Imaginary ratios are only for 
visualization. There is no quantitative information about these ratios. For instance, exterior in bars and 
terraces could be basically equal to properly-ventilated interiors. 
 
Some situations, such as a dormitory, seem to have a very high risk of infection, even though the distances 
between the beds are adequate. There is evidence that a very poorly ventilated environment reduces the 
equivalent physical distance between people. Also, activities that involve a lot of mobility in an enclosed 
space seem to reduce the equivalent physical distance between people. Unfortunately, as we reported last 
Wednesday2, quantitative information about the equivalent physical distance is lacking. 
 
Average probability of infection in a bubble group 
We can use the above concept to carry on an analysis of the classrooms in primary schools. This topic has 
been the source of heated debate. There have been important and extensive arguments about the 
importance of the groups being as small, as stable and as watertight as possible: the so-called bubble groups. 
At the same time, from the point of view of organization, space and staff, if there are many groups, it is very 
difficult to manage a school, it is difficult to find suitable spaces and it can be impossible to find specialists 
depending on which subjects. It is therefore of interest to understand the epidemiological value of group 
size. 
One of the issues to consider is the likelihood that a child will be infected when there is a classmate who is 
able to transmit the virus based on the number of children in the group. We consider that there is a child 
with the ability to infect. If there were only 2 students in the classroom, they would be together for a long 
time and the probability of transmitting the virus to the susceptible child would be high. If the classroom 
were three students, the probability that the third student would become infected would be very similar to 
that of the second student, but it is clear that if there are many students the average probability of infection 
of one student is lower. 
 
                                                          




Decreasing exponential model 
We expect two conditions to be met simultaneously, on the one hand the probability of getting infected from 
each new member of the group must be smaller than the previous one, and on the other hand the probability 
of someone getting infected must increase as the group grows larger. One of the mathematical functions 
that allows us to satisfy both conditions is the decreasing exponential. We propose that future research could 
find useful to consider the fitting of these exponential models to quantify the relevance of class size on 
infection. 
Consider, for example, that the probability of becoming infected with a child is: 
𝑝𝑝𝑖𝑖 = 𝑎𝑎𝑒𝑒−𝑏𝑏 (𝑖𝑖−2) 
Where i is an index that defines the child within the group. Therefore, if we consider, for example, a group 
of 5 students, we imagine that the “first” child ( 𝑖𝑖 = 1)  can infect. The probability of infection for the child 
number 𝑖𝑖 = 2 is 
𝑝𝑝2 = 𝑎𝑎𝑒𝑒−𝑏𝑏(2−2) = 𝑎𝑎 
and so on: 𝑝𝑝3 = 𝑎𝑎𝑒𝑒−𝑏𝑏, 𝑝𝑝4 = 𝑎𝑎𝑒𝑒−2 𝑏𝑏  and  𝑝𝑝5 = 𝑎𝑎𝑒𝑒−3𝑏𝑏. 
Let us proceed now with a conceptual discussion. The following figure shows the probability of each student 
becoming infected in a larger group. We insist, the values are not calibrated experimentally, the discussion 
is only conceptual. 
Figure 2. Probability of each student to be infected by the index case. 
We state that it is perfectly possible to calibrate this model using experimental data. If we add up the 
probability that each of the students will become infected, we find the probability of having infections in the 
classroom. It is easy to see that this value will also match the reproductive number expected by the classroom 
(R). The following figure shows the behavior of this function: 
 





From the mathematical perspective, for certain values of a and b and given the size of the group, this sum 
could be greater than 1. In this case, we would really expect to have more than one infection in each of the 
groups leading to and infection chain within the group if not controlled. 
If we divide the value of R by the number of students in the group, we get the average probability of infection 
of a member of the group, as shown in Figure 4. 
 
Figure 4. Infection probability of a student, depending on the group size. 
We find that the probability of having infections with the model we are using tends to be at a maximum value 
(Figure 3), and the average probability of becoming infected actually decreases with the size of the group. 
Therefore, from a certain size of the group, increasing the members is not very important for the purposes 
of contagion, but it is obviously very important at the same time to conduct contact studies. 
There is one big caveat in this scenario, which links with our discussion of the effective personal distance. 
The possibility of a positive feedback loop in case the number of infections between 2-4 m is quite large. In 
this case, increasing group size without increasing space can generate a tendency to share more things, and 
interact more. If the density of the class increases a lot, the decrease could be inverted finding a minimum 
and an optimal size. 
The model is interesting from a theoretical point of view, but it really has no interest if it is not calibrated and 
its validity is verified with experimental data. So far, to make a first approximation, we have used the value 
R obtained in a work carried out in summer camps in Catalonia, where an R = 0.3 was determined in groups 
of 10 members3. In order to calibrate the model, we would need different points. We think that 4 data points 
would be enough to stablish a monotonous increase like the one we indicate in the figure. Classes of 5 kids, 
10, 25 and 50. For all purposes, measures at these four sizes would be more than enough to obtain the basic 
structure of the network and the contagion profile. 
 
Figure 5. R value obtained in groups of 10 kids 
We conclude thus with this recommendation, it is essential for epidemiological centres and public health 
agencies to set up natural experiments which measure how many infection are produced at different groups 
as was done by Hospital Sant Joan de Déu in Catalunya.  
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(2) Analysis and prediction of COVID-19 



































































(3) Analysis and prediction of COVID-19 




























































(1) Data source 
Data are daily obtained from European Centre for Disease Prevention and Control (ECDC)4 and country official 
sources (when indicated). Daily data comprise, among others: total confirmed cases, total confirmed new 
cases, total deaths, total new deaths. It must be considered that the report is always providing data from 
previous day. In the document we use the date at which the datapoint is assumed to belong, i.e., report from 
15/03/2020 is giving data from 14/03/2020, the latter being used in the subsequent analysis.  
(2) Data processing and plotting 
Data are initially processed with Matlab in order to update timeseries, i.e., last datapoints are added to 
historical sequences. These timeseries are plotted for individual countries and for the UE+EFTA+UK as a 
whole: 
 Number of cumulative confirmed cases 
 Number of reported new cases 
 Number of cumulative deaths  
Then, two indicators are calculated and plotted, too: 
 Case fatality rate: number of cumulative deaths divided by the number of cumulative confirmed 
cases, and reported as a percentage; it is an indirect indicator of the diagnostic level. 
 ρ: this variable is related with the reproduction number, i.e., with the number of new infections 
caused by a single case. It is evaluated as follows for the day before last report (t-1): 
𝜌𝜌(𝑡𝑡 − 1) =
𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡 − 1) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡 − 2)
𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡 − 5) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡 − 6) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡 − 7)
 
where Nnew(t) is the number of new confirmed cases at day t. Then, we calculate a 7-day moving 
average (ρ7) so that noise is reduced and trends become clearer.  
(3) Classification of countries according to their epidemic level: the scale Biocom-Cov 
Countries are assigned a degree in the discrete Biocom-Cov scale, which aims to facilitate a simple way of 
assessing the situation of the country. It is based on the level of daily new cases per 100,000 inhabitants as 
follows: 
Pandemic degree Daily new incident 

















(4) Fitting a mathematical model to data 
Previous studies have shown that Gompertz model5 correctly describes the Covid-19 epidemic in all analysed 
countries. It is an empirical model that starts with an exponential growth but that gradually decreases its 
specific growth rate. Therefore, it is adequate for describing an epidemic wave that is characterized by an 
initial exponential growth but a progressive decrease in spreading velocity provided that appropriate control 
measures are applied. Once in the tail, predictions work but the meaning of parameters is lost. 
Gompertz model is described by the equation:  





where N(t) is the cumulated number of confirmed cases at t (in days), and N0 is the number of cumulated 
cases the day at day t0. The model has two parameters: 
 a is the velocity at which specific spreading rate is slowing down; 
 K is the expected final number of cumulated cases at the end of the epidemic. 
This model is fitted to reported cumulative cases of the UE and of countries that accomplish two criteria: 4 
or more consecutive days with more than 100 cumulated cases, and at least one datapoint over 200 cases. 
Day t0 is chosen as that one at which N(t) overpasses 100 cases. If more than 15 datapoints that accomplish 
the stated criteria are available, only the last 15 points are used. The fitting is done using Matlab’s Curve 
Fitting package with Nonlinear Least Squares method, which also provides confidence intervals of fitted 
parameters (a and K) and the R2 of the fitting. At the initial stages the dynamics is exponential and K cannot 
be correctly evaluated. In fact, at this stage the most relevant parameter is a.  
It is worth to mention that the simplicity of this model and the lack of previous assumptions about the Covid-
19 behaviour make it appropriate for universal use, i.e., it can be fitted to any country independently of its 
socioeconomic context and control strategy. Then, the model is capable of quantifying the observed 
dynamics in an objective and standard manner and predicting short-term tendencies.  
(5) Using the model for predicting short-term tendencies 
The model is finally used for a short-term prediction of the evolution of the cumulated number of cases (3-5 
days). The confidence interval of predictions is assessed with the Matlab function predint, with a 99% 
confidence level. These predictions are shown in the plots as red dots with corresponding error bar. For series 
longer than 9 timepoints, last 3 points are weighted in the fitting so that changes in tendencies are well 
captured by the model. 
(6) Estimating non-diagnosed cases 
Lethality of Covid-19 has been estimated at around 1 % for Republic of Korea and the Diamond Princess 
cruise. Besides, median duration of viral shedding after Covid-19 onset has been estimated at 18.5 days for 
non-survivors6 in a retrospective study in Wuhan. These data allow for an estimation of total number of 
cases, considering that the number of deaths at certain moment should be about 1 % of total cases 18.5 days 
before. This is valid for estimating cases of countries at stage II, since in stage I the deaths would be mostly 
                                                          
5 Madden LV. Quantification of disease progression. Protection Ecology 1980; 2: 159-176. 
6 Zhou et al., 2020. Clinical course and risk factors for mortality of adult 
inpatients with COVID-19 in Wuhan, China: a retrospective 




due to the incidence at the country from which they were imported. We establish a threshold of 50 reported 
cases before starting this estimation.  
Reported deaths are passed through a moving average filter of 5 points in order to smooth tendencies. Then, 
the corresponding number of cases is found assuming the 1 % lethality. Finally, these cases are distributed 
between 18 and 19 days before each one.  
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